abstract CONTEXT: Birth asphyxia contributes substantially to neonatal mortality in low-and middleincome countries (LMICs). The effects of training birth attendants in neonatal resuscitation (NR) on mortality are limited by falloff of skills and knowledge over time and transference of learned skills into clinical practice.
Approximately 2.7 million newborns die every year worldwide, the overwhelming majority of them in low-and middle-income countries (LMICs). 1 -4 Birth asphyxia, defined as a newborn's failure to initiate and/or sustain normal breathing and oxygenation, accounts for roughly one-quarter (21%-28%) of all neonatal deaths, many of which are misclassified as stillbirths. 3 -10 Despite significant progress in reducing global mortality in children aged <5 years as called for in the United Nations' Millennium Development Goal 4, neonatal mortality rates and deaths due to birth asphyxia in particular have failed to improve at the same rate as other child health indicators and, in some areas, have remained stagnant. 1, 10 -13 Neonatal resuscitation (NR) is a simple, inexpensive intervention that has been shown to reduce neonatal mortality. 9, 14 -19 In highincome countries, the introduction of training programs such as the Neonatal Resuscitation Program in the United States and Newborn Life Support in the United Kingdom was associated with a reduction in neonatal morbidity and mortality. 20, 21 These programs offer standardized training, knowledge, and skills in essential newborn resuscitation to providers. Similar training programs for birth attendants in LMICs have the potential to significantly reduce global neonatal mortality. 19, 22, 23 Helping Babies Breathe (HBB) is a global newborn resuscitation training initiative developed by the American Academy of Pediatrics (AAP) and its partners that is tailored for low-resource settings. 24 -27 HBB uses picture-based training and low-cost inflatable mannequins (NeoNatalie; Laerdal Global Health, Stavanger, Norway) for simulation and emphasizes establishing ventilation in newborns within the first 60 seconds of life. Since its introduction in 2010, HBB has been taught in 77 countries to ∼300 000 birth attendants and is currently being implemented throughout sub-Saharan Africa, Asia, and Latin America. 28 Data on its effectiveness at reducing neonatal mortality are mixed, however. 29 -31 Falloff of skills and knowledge after training in newborn resuscitation has been well documented in highincome countries. 32 -34 There are few data on this phenomenon from LMICs. However, poor retention of knowledge and skills after training courses likely represents a significant barrier to improving neonatal mortality worldwide. 35 The present systematic literature review examines acquisition and retention of newborn resuscitation knowledge and skills among birth attendants in LMICs, and identifies and characterizes effective strategies for improving skill and knowledge acquisition and retention.
METHODS
A peer-reviewed literature search was conducted between June and July 2015 in the following 6 databases: Medline, Cochrane, Embase, CINAHL (Cumulative Index to Nursing and Allied Health Literature), Bireme, and African Index Medicus. The following search terms and Medical Subject Headings were used: ((((newborn OR neonatal) AND resuscitation) OR (helping babies breathe)) AND (education OR training OR skills OR knowledge OR birth attendant OR retention OR acquisition) AND (developing countries OR low income countries OR middle income countries OR resource-limited setting OR global health)). Results from all available publication years were limited to articles written in English and published in peer-reviewed publications. Articles were screened for relevance first by title, then by abstract, and finally by full text.
The results were manually sorted to include only studies analyzing newborn resuscitation training programs in LMICs that measured the acquisition and/or retention of knowledge and skills. We included articles assessing training programs taking place in either classrooms or clinical settings and those involving providers working either in health care facilities or in the community. We excluded articles describing studies in high-income countries and those focused only on measuring the impact of training on neonatal mortality unless they also measured birth attendant knowledge and skills either in the classroom or clinical setting. Articles assessing baseline birth attendant knowledge and skills were excluded if no training or educational intervention was performed. The bibliographies of all pertinent articles were manually reviewed to obtain additional articles.
In addition, the "gray" literature (ie, non-peer-reviewed) was searched for efforts to improve birth attendant knowledge and skills acquisition and retention by reviewing records, Web pages, and reports from various sources addressing newborn resuscitation training in LMICs over the past decade. Sources included reports and presentations generated by members of the HBB Global Developmental Alliance, which includes the United States Agency for International Development, the AAP, Latter-day Saints Charities, and Save the Children. Furthermore, Web sites of the AAP's Neonatal Resuscitation Program and HBB programs were reviewed. Gray literature findings were manually sorted to only include reports and documents pertaining to the knowledge acquisition and/or retention of newborn resuscitation knowledge or skills.
RESULTS

Description of Articles
The initial literature search identified 767 articles ( Fig 1) . Many of these articles were excluded because they concerned high-income countries or reported training's impact on mortality without discussing acquisition and/or retention of skills. Article abstracts were reviewed based on title relevance, and the list was narrowed to 86 articles. Manual review of full-text articles identified 45 that met all inclusion criteria.
Training programs evaluated by these articles varied. Of 45 articles, 17 (37.8%) analyzed educational interventions based on the Neonatal Resuscitation Program, 9 (20%) described HBB programs, 25, 26, 30, 31, 36 -40 and the remaining 19 (42.2%) analyzed a variety of other newborn resuscitation training programs. Course content varied as well, ranging from focusing solely on basic newborn resuscitation to including bag-mask ventilation (BMV), while relatively few also included chest compressions, administering medications, and endotracheal intubation. Training courses for birth attendants ranged from a 1-time session lasting 3 hours, 41 to intensive courses lasting 4 months, 42 to selfstudy courses lasting 5 weeks. 43 The articles included in the literature review evaluated birth attendants with all levels of education and training, ranging from traditional birth attendants to physicians ( Table 1) .
Methods for measuring acquisition and retention of knowledge and/or skills varied. Twentysix studies (57.8%) evaluated knowledge levels by using written examinations. Thirty-eight studies (8.4%) attempted to measure birth attendant skills; of these, 24 (63.2%) required birth attendants to perform a particular skill while being graded by examiners. Thirteen studies (28.9%) had participants run through simulated scenarios, with 10 studies (22.2%) specifically mentioning formal objective structured clinical examinations (OSCEs). 25, 26, 37 -40, 42, 44, 50, 63 Thirteen articles (28.9%) specifically mentioned use of a mannequin in simulation. 25, 36, 38, 39, 48, 49, 59, 61, 62, 71, 73 -75 Sixteen studies (35.6%) evaluated clinical behavior in the delivery room in addition to, or instead of, testing birth attendants in simulated scenarios. In 10 (62.5%) of these studies, examiners directly observed birth attendants, 18, 30, 31, 36, 43, 44, 59, 64, 65 whereas in 7 studies (43.8%), scores were based on chart review or recall by birth attendants and/or the newborn's mother. 37, 43, 47, 50, 57, 60, 62 One study both directly observed birth attendants and surveyed community women cared for by these attendants. 43 
Acquisition of Knowledge and Skills
Twenty-nine studies (64.4%) examined the acquisition of knowledge and skills by testing birth attendants immediately after training. Of these, 26 studies (90.0%) demonstrated a majority (>50%) of birth attendants achieving passing scores on posttraining examinations. Twentythree studies tested birth attendants both before and immediately after training, and all exhibited significant improvement in knowledge and/ or skills. Improvement in scores ranged from 7% to 89%. Although improvement in knowledge and skills was universal, training did not universally achieve high levels of acquisition. A study of Iraqi obstetrics and pediatric residents found that only 14% passed a Mega Code examination after training, 75 whereas a study in rural Nepal
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Impact of Theoretical Knowledge on Delivery Room Behaviors and Newborn Outcomes
Five studies (11.1%) attempted to measure transference of theoretical knowledge and skills into clinical scenarios by correlating test performance with actual clinical behavior in the delivery room. 36, 37, 43, 44, 59 Of these, 4 studies (80.0%) found that high or low test scores accurately predicted clinical behavior, 37, 43, 44, 59 and only 1 study (20.0%) reported improved test scores but reduced use of stimulation and longer time to BMV initiation in the delivery room at 7 months after training. 36 Nine studies (20%) attempted to correlate performance on either standardized tests or actual behavior in the delivery room with changes in neonatal mortality statistics, and the results were mixed. 18, 30, 31, 37, 42, 60, 62, 64, 73 Four (44.4%) of these studies documented significant declines in neonatal mortality correlating with improvement in test scores and delivery room behavior, respectively. 30, 31, 42, 60 Five studies (55.6%) reported no improvement in mortality despite improvement in test scores and/or delivery room behavior. 18, 37, 62, 64, 73 However, 3 of these studies (33.3%) showed a decrease either in newborns classified as stillborn or in asphyxiarelated cause-specific mortality, suggesting the training programs had a positive impact. 18, 37, 73 
Controlled Trials of Training Strategies
We found 9 controlled trials evaluating knowledge and skills acquisition in classroom and/or clinical settings. 41, 47, 60, 62 -65, 71, 73 Of these, 7 studies (77.8%) compared knowledge and skills of birth attendants undergoing training versus a control group who remained untrained, and all 7 found training resulted in significant improvement in knowledge and/or skills. One trial compared the skill levels achieved with 2 different training strategies and found no significant difference in performance between physicians and nurses who underwent a traditional 5-day training course and those given materials for self-directed study over a 5-week period. 43 Furthermore, in the self-directed study group, training costs were significantly lower. Self-directed study was analyzed in 1 other article, in which Shrestha et al 66 reported significant acquisition of knowledge and skills by Nepali nurses who underwent a self-directed educational intervention. Both knowledge and skills declined over subsequent months after the training but remained above pretraining levels when the study ended 3 months after the intervention. The levels of acquisition and falloff in this study were comparable to those seen in studies using more traditional training interventions.
Acquisition of BMV Skills
BMV, widely considered one of the most important interventions for newborns not responding to stimulation, proved to be more difficult to learn than other skills. In all, 24 studies (53.3%) specifically measured and reported acquisition of BMV skills. Of these, 6 studies (25.0%) found that birth attendants performed this skill more poorly than other skills when being tested and/or observed in the delivery room. 25, 26, 38 -40, 59 One study found pass rates on BMV skills as low as 20.8% immediately after training. 25 Although the skill was difficult to learn and sometimes performed incorrectly after training, 8 
Association Between Birth Attendant Characteristics and Acquisition of Knowledge and Skills
Acquisition of knowledge and skills was associated with certain birth attendant characteristics, including level of training (health cadre) and the facility type in which they work. Ten (22.2%) of the 45 studies reported a breakdown of scores according to cadre, 26, 36, 39, 40, 44, 50, 53, 55, 56, 74 and 7 (70.0%) of these studies showed that birth attendants from lower cadres (eg, midwives) improved significantly more from pretraining to posttraining than those from higher cadres (eg, physicians). 26, 40, 42, 50, 53, 56, 74 In all 7 of these studies, significant differences in pretraining test performance between different cadres were diminished or completely eliminated upon retesting after training. Similarly, a study from HBB in Tanzania found that nurses outperformed health care providers of both higher and lower training levels on a standardized OSCE. 39 Two studies analyzed a breakdown of test scores based on the type of birth facility in which birth attendants work and both found a significant association between working in a facility with higher birth volume and higher scores on examinations. 39, 53 Another provider-level factor whose association with the adoption and retention of skills has been explored is provider self-efficacy (ie, one's belief in their own competence). Four studies (8.8%) measured selfefficacy by using questionnaires, and although all 4 studies reported increased self-efficacy of birth attendants with training, they were mixed on the value and relevance of self-efficacy. 36 , 48, 61, 63 Interestingly, 2 of the studies examining self-efficacy (50%) found that higher levels of confidence were inversely related to skills performance. 36, 48 Three studies found that training not only increased adoption of evidencebased measures but also reduced the use in a clinical setting of traditional and potentially harmful measures such as slapping the buttocks or back as a stimulation technique. 57, 60, 64 Furthermore, 1 of these studies, a controlled trial of training traditional birth attendants, found a 97% higher referral rate in those trained compared with those who did not receive training. 60 Another study documented increased BMV use in the clinical setting along with decreased use of medications and chest compressions, 18 interventions that are considered less useful than ventilation at improving outcomes in the low-resource setting.
Secondary Effects of NR Training
Woods et al 71 evaluated the secondary effects of training in a controlled trial. The investigators measured the skills of birth attendants who had undergone training as well as those who had not; in addition, they measured skills among birth attendants who had not directly undergone training but worked with those who did. Skill level was significantly higher in both experimental groups compared with the control group, and, although the mean test score among birth attendants who directly underwent training was higher than among those who did not undergo training but worked with those who did, the difference did not achieve statistical significance.
Retention of Knowledge and Skills
In all, 19 studies (42.2%) evaluated the retention of knowledge and skills over time by measuring birth attendant knowledge and skills after a time period after training. Ten of these studies (52.6%) looked directly at knowledge and skills falloff by testing birth attendants both immediately after training and again after a period of time ranging from 1 month to 2 years. Five (50.0%) of these studies showed significant performance falloff over the time period analyzed. 37, 38, 48, 56, 66 Three studies (30.0%) showed no falloff 41, 43, 52 ; the 2 remaining studies (20.0%), both from Ethiopia, found varying levels of retention in different groups of birth attendants, with higher levels of training associated with less falloff. 55, 67 These latter 5 studies showing either no falloff or mixed results included the 4 longest running studies in our literature review, ranging from 9 months to 2 years. 41, 52, 55, 67 Furthermore, 4 (80%) of the 5 studies showing no falloff or mixed results featured refresher training or regular meetings to reinforce material learned. 43, 52, 55, 67 Two of the studies with refresher courses showed an actual increase in knowledge and skills at 1 year and 18 months after training, respectively, compared with immediately after training. 52 Of note, the 2 educational interventions from Ethiopia provided refresher training, but they also sought to educate women in the community and increase their demand for skilled maternal and newborn care, which may have been an important incentive for birth attendants to maintain their knowledge and skills. 55, 67 The 1 study that found no falloff of skills over 9 to 12 months after training despite having no refresher training was conducted in 1 of Ghana's main referral institutions. 41 The high birth volume at this center may have prevented falloff by providing birth attendants with frequent clinical practice.
Retention of BMV Skills
Six studies specifically measured retention of BMV skills over time and reported mixed results. 18, 36, 39, 48, 59, 62 All but 1 of these studies showed that significantly increased BMV use (83.3%) persisted after training compared with before training; however, application of this life-saving maneuver was far from universal, and the technique was often incorrect. In a study from Tanzania's HBB program, only 21.5% of trained participants correctly demonstrated all 3 maneuvers to improve BMV 6 weeks after training. 39 Another study from Tanzania's HBB program showed increased use of BMV 7 months after training; however, researchers found that the average time to first ventilation attempt for newborns requiring this intervention had increased. 36 A third study from Tanzania (although not HBB related) measured BMV use through direct observation before and 2 years after training and found a decline in BMV use. 59 
Gray Literature
A review of the gray literature identified 19 reports that fit our inclusion criteria of discussing acquisition and/or retention of newborn resuscitation skills. The gray literature indicates that implementers and in-country teams are aware of a decline in trained providers' skills and knowledge when there is no or minimal follow-up after the initial HBB training. Importantly, teams are trying different methods to improve providers' retention of skills and knowledge. In a joint report of country-level HBB programs in Bangladesh and Malawi, 76 both countries reported that unstructured worksite practice is an ineffective method for improving skills retention because few providers reported practicing at their worksite. There was no evidence of improved performance of resuscitation by trained providers in Malawi or Bangladesh 1 or 2 years into the HBB program, respectively. In contrast, in a 2009 HBB study within 8 referral-level facilities in Tanzania, a structured cascade model of training used regional trainers and district instructors to provide in-service and refresher training after initial HBB training. 77 In addition, every provider had to document practicing resuscitation by using a mannequin before the start of every shift, and 1 midwife at each hospital was given the responsibility of reinforcing the HBB training. With this relatively large investment in close oversight, longitudinal refresher training, and required practice, this study reported a 47% decline in early neonatal mortality in referral-level facilities after initiation of HBB.
Many countries reported ongoing or planned supportive supervision or mentoring programs as a method for improving skills retention. 78 -83 In Uganda, for example, plans for on-site mentoring of providers would allow mentors and mentees to meet at least once per month to reinforce HBB training. In the large-scale implementation of HBB in Tanzania, feedback and coaching are targeted to reach providers who have low follow-up OSCE scores. 84 The program in Tanzania also introduced guided on-the-job HBB practice scenarios, DVD refresher training videos, and text messages to reinforce key messages among trained providers. In Malawi, a peerto-peer training technique was used in which only 30% of skilled birth attendants were trained in HBB and then instructed to informally train their colleagues at their worksites. 76 This program was reportedly unsuccessful, however, because the skilled birth attendants who did not receive formal HBB training showed little interest in being informally trained by their colleagues.
Several countries are also integrating HBB into preservice and in-service curricula. 76, 78, 85, 86 It was found in Bangladesh and Malawi that integrating HBB into preservice training should be accompanied by a skills assessment. Nursing and medical students reported perceiving HBB skills to be less important than other preservice skills learned because the students are not assessed on HBB (while they are assessed on their other preservice training).
DISCUSSION
In recent years, neonatal mortality in LMICs has improved more slowly than other child health indicators, despite intensive efforts to enhance newborn care among birth attendants in these countries. 1, 11 -13 Falloff in knowledge and skills after training may be one of the barriers to reducing neonatal mortality from these training efforts. The present review examined the literature on the acquisition and retention of newborn resuscitation knowledge and skills by birth attendants in LMICs.
We found that newborn resuscitation training among providers in LMICs can significantly increase provider knowledge and skills. Along with stimulation, high-quality BMV is among the most important interventions; however, several studies found that birth attendants had more difficulty learning to provide BMV than other aspects of newborn resuscitation. Low rates of proficiency with BMV immediately after training suggest that educational programs should strengthen their emphasis on learning this technique, including methods of improving ventilation that is initially ineffective. Although most studies measuring the relationship between classroom learning and clinical behavior showed good correlation, Ersdal et al 36 found that, after an HBB course, improved simulated performance did not lead to improved behavior in a clinical scenario. Transference of theoretical knowledge and skills into the delivery room is an important barrier to the success of NR training programs, and more research is needed to better understand this phenomenon. The review also highlights the potential impact of training's secondary effects, in which birth attendants can acquire knowledge and skills simply by working with those who are trained, rather than undergoing the training themselves. Furthermore, the literature suggests that self-directed learning may be a viable and costeffective strategy for improving newborn care in LMICs.
Our review found numerous studies demonstrating that knowledge and skills fall off over time after training. However, this decline can be prevented. Of 5 studies reporting no appreciable falloff or mixed results, 4 of them featured refresher courses, suggesting that such a strategy may be effective at improving retention of knowledge and skills. The literature suggests that formal refresher training is uncommonly included in newborn resuscitation training programs; however, they are likely necessary to improve the impact of these programs on neonatal mortality and should become the standard. Mduma et al 31 showed the benefits of frequent brief on-site simulation training, but the optimal length of training courses and frequency of refresher courses are not known. In addition to ongoing quality improvement efforts, Sibley et al demonstrated the importance of community education. 67 In this study of Ethiopian birth attendants, who showed no falloff of knowledge and skills over a 2-year period after training, education of community women featured prominently in the intervention. In a separate analysis of the same program, Barry et al 87 found that community women who attended more educational meetings were more likely to use skilled care providers to deliver their infants as well as more likely to receive a higher mean percentage of elements included in a maternal and newborn health package. This finding suggests that programs educating both providers and their communities may have more impact on neonatal mortality in LMICs than programs solely focused on provider education.
Review of the gray literature shows ongoing experimentation with a variety of refresher training strategies, including both structured and unstructured skills practice with a mannequin, as well as text messaging with reminders. Our preliminary analysis of these efforts suggests that more structured and formal practice regimens may be more effective in improving retention of knowledge and skills. The effectiveness of current efforts to train birth attendants in LMICs could also likely be increased by various training programs sharing lessons learned as countries experiment with different methods to promote providers' retention of skills.
We found that both acquisition and retention of knowledge and skills were associated with certain provider characteristics, including health cadre and the facility type in which providers work. Although acquisition of knowledge and skills was acceptable for providers from all cadres, several studies suggested that proficiency was more easily achieved by those birth attendants working in birth centers with higher patient volume. Furthermore, the literature shows better retention of knowledge and skills among birth attendants at higher volume institutions, suggesting that more frequent use of the newborn resuscitation techniques prevents falloff. Training design should take these differences into account, including more intensive instruction and more regular practice and refresher training for those providers from smaller birth centers. Other factors that may affect adoption and retention of knowledge and skills include a birth attendant's previous experience with NR, the precise number of deliveries attended per month, and personal leadership commitment.
There are several limitations to the present study. Articles were limited to English-language only, and a publication bias may have favored articles with more positive results. Although this literature review did not directly measure the impact of training programs on neonatal mortality, multiple studies in the literature have reported improvement. 19, 22, 23, 30 Simulated skills and written examinations are not completely transferrable to the clinical environment; however, a majority of the studies included in the review focused on classroom assessments of knowledge and skills whereas only one-third of the articles evaluated clinical practice, which reflects limitations in the medical literature on this topic. Although we tried to comprehensively search the gray literature, it is possible that some nongovernmental organization or country-level reports were missed. It is also likely that other approaches to improve retention are being attempted but not yet described in the literature.
CONCLUSIONS
Knowledge and skills falloff is a significant barrier to the success of newborn resuscitation training programs and possibly to reducing newborn mortality in LMICs. This literature review highlights some of the challenges that birth attendants face with learning effective resuscitation skills, including stimulation and BMV, and the importance of refresher training and structured practice sessions in improving retention of knowledge and skills. A focus on acquisition of skills and preventing falloff through more frequent regular practice will likely increase the impact of the training programs on newborn outcomes in LMICs. 31 Going forward, a better understanding of how knowledge and skills are learned, transferred, and retained is essential.
